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13.  ABSTRACT 


Fabrics  of  rock  specimens  undergoing  deformation  have  been  recorded  photo¬ 
graphically  in  white  light,  in  ultra-violet  illumination  after  treatment  of  spec¬ 
imens  with  fluorescent  dye  penetrants,  and  with  acetate  peels.  These  fabric  pict¬ 
ures  have  been  converted  to  their  two-dimensional  Fourier  amplitude  transforms 
by  optical  diffraction.  Changes  in  the  transforms  reflect  spatial  changes  in  the 
fabrics,  anJ  are  examined  fv')r  possible  relations  to  loading  curve  characteristics. 

Transforms  have  been  produced  from  petrographic  thin  sections  using  a  modif¬ 
ied  laboratory  microscope  and  partially  coherent  light;  this  technique  promises 
wider  application  of  optical  diffraction  analysis  in  petrofabric  studies  An 
extensive  collection  of  reference  inputs  and  their  transforms  has  been  ii>repared. 
Improvements  have  been  effected  in  all  basic  processing  operations,  e.g.  holographic 
subtraction,  rock  specimen  preparation,  deformation  experimentation,  and  calibration 
of  optical  power  output. 

Experimental  results  show  changes  in  crack  width  and  frequency,  with  loading, 
with  results  obtained  in  the  project's  first  year.  This  suggests  some  possibilities 
for  in  situ  optical  monitoring  of  microfracturing  In  active  excavations. 
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Sranite, 

acetate  pellsf  toird-“S®loading!® '  Granite, 

ace°t‘I?e"^J|l|f  <=-Ue, 

fluoreacent  dye  penetrant,  canlue^? 
image  plane*hologr^f°"*‘®“”’^^°"  Production  of 

■  tS°P?^S?r7!*  ""figuration  corresponding 

-  Detail  of  holographic  plate  holder. 

-  Detail  of  beam  splitter-mirror  assembly. 

-  Schematic  of  slide  comparator. 
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technical  report  summary 


fabrics  of  ^neticall^reine^rtt''®  compare  and  correlate 

to  o?Sr  ‘’’“"fifying  fab“c  chan!:  mechanics 

year  Of Parameters.  This  ^eooi?  ^  relating  these 

of  the  second  year's  v^ork  of  a  JLS'^yfar^tSdy.  ®  *'®“- 

toe  laboratory °havl*’beM  recordL*on‘?h  “"^®tgotng  deformation  in 

s  j‘S‘ 

wideni.^^^'orfractuLs^us^^n®^  frequencies  is 
concentration  of  high  spatial  fria^'  m  tension.  An 

well^L^^""  generation  of  new  fractures  accounted 

well  as  in  tension.  commonly  m  compression  as 

and  wi?h*g«arv«slti!iiy  results  of  high  quality 

^Tr2ltV°  been  I  ^si°r%"ii"L?f , 

differences  in  develo^en^of'^f^ri'^  slices  has  shown  systematic 
suces  of  different  oStalfonf  ^  transform  patterns  on 

wider*^^  ^^^'*®^°"s”ul°resSlts^*indi*°r°'”^^'®^  diffraction 
icier  use  m  petrofabric  studils.  '  indicating  possibilities  for 

with  the  aims  of ^the^pJoject^Tnd  tL^^^  entirely  consistent 

f°««tituent.  Personner^ffacflitLf°^^^^°^  isT 

drrectron  of  the  original  p^an-rihe^n  ^Is^u^dete”^ 


Introduction 


Purposes  and  Objectives  of  the  Project 


This  report  covers  the  fir*!f-  4.u 

year's  work  of  a  three-year  studv  ^  ^  second 

are:  (a)  to  develon  purposes  of  which 

collection  of  ?°ntinui„, 

to  other  fields  ^  developed  are  applicable 

toe  nn.  oi  fn?e‘t 

series  so  that  chances  in  ^^*^5  ‘^s  of  a  deformation 

tion  curves  and  ot''’'*r  ouanti  related  to  deforma- 

identify  and  cha^LtLi^rtirt^r  ^®5?“ation  data;  (b)  to 

reference  traL^oJJif ^Ttf vLlSl’abrIclilStI' 

to  relate  thirindex  *'°  "^rt,  and 

an  index  of  fabric  heteroaenBitv^f"  *®'  P”  ^®''cl°P 

a  single  soecimfi  t^hf^  different  directions  in 

based  on  directional  differen^^^'^-'^^^i!  ^"rsotropy  measures 
same  specimen-  aS  7ff  f^  f““'  ^2  Physical  behavior  in  the 
deformed  roexs  with  nio^f  r°”P®re  fabrics  in  experimentally 
rochs  that'12le“d1nderile;d=l^nli1i^n%^!'^‘^" 


Background 

L%-?o4S?cr^1r=bi  o1 

have  been  defo^f>^  .mrixa,-  or  like  rock  specimens  that 

oeen  aetormed  under  progressively  higher  loads. 
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In  the  attempt  to  explain  rationally  the  comolox 

increasing'^atJInS  hL 

anrt  K  •  ,  relationships  between  fabric 

Md  aechanical  behavior.  Many  fabric  studies  performed 
yielded  results  achieved  only  after  very 
tedious  work.  Some  analytical  fabric  studies  include  a 

of^Jesui^c  renders  impractical  the  pooling 

of  results  based  on  work  by  different  operators.  We  are 

with  developing  means  to  characterize  deformation 
fabrics  more  objectively  and  efficiently. 

required  to  produce 
defo^ation  suites  of  rocks  for  this  study  consist  of 

cantilever  and  third-part 

loading  of  rock  slices  cemented  to  aluminum  beams.  Bi- 

TtilLTf  t\"e"wirk.^°""^"^  ^ 


,  optical  diffraction  method  used  in  this  oroiect 

the  lMer°in''l960^"ii“h^  ‘''®  aPPea«nce  of 

fo?  ooS^.t  practical  to  use  this  method 

tor  optical  data  processing.  The  basic  technique  used  is 

spectral  analysis  of  the  input's  spatial  frequency  content 

The  input  is  a  reduced  Sanspa^eLy 
proLri  ®  diffraction  grating  with  unknown  spatial 

spectral  illumination  has  precisely  Lown 

?•  K  radiates  coherent  monochro- 

rosulting  diffraction  pattern  is  the  two- 
This”tM«^f  Fourier  amplitude  transform  of  the  input  image. 

aSd  spS?n^«'^/^h®  distribution  of  orienta?ions 

and  spacings  of  the  elements  in  the  input. 

struc?id^f^om^^i°"?^  optics  the  input  image  can  be  recon- 

diffraction 

pattern.  A  filtered,  reconstructed  image  can  be  formed  by 
blocking  out  some  of  the  light  rays  in  ?he  plane  o?  the  ^ 
trMsform.  Such  filtering  can  be  used  to  suppress  dominant 
the  input  so  that  obscure  features  c,-^n  be 
easily,  and  to  aid  in  analyzing  complicated 
eitrof^'tirinpJt!^^''®"’®''^^®^^''  removing  different  compo- 


in  roSs°rM  diffraction  patterns,  orientation  fabrics 

in  rocks  can  be  described,  regardless  of  scale,  in  terms 

elongations,  and  symmetries.  It 

the  iet  subtract  one  input  from  another  to  show 

change  from  one  to  the  other.  This  is  done  by  a 
technique  that  can  be  accomplished  with  slight 

dL^irlb^d^^^^v^f  operations 


Series  of  fabric  inputs  from  deformation  experiments 
plus  series  of  artificial  inputs  have  provided  the  main 
kinds  of  input  data  operated  on  so  far. 
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2.  Methods  of  Investigation 

Optical  diffraction  analysis  has  been  explained  in 
our  earlier  reports  and  in  papers  by  the  principal 
investigator  and  by  others,  cited  in  Appendix  B.  A  Con- 
ductron  Laser Scan  C120  System  constitutes  the  core  of 
our  optical  diffraction  capability.  The  optical  diffrac¬ 
tion  technique  is  used  to  analyze  changes  in  rock  fabric 
produced  by  experimental  deformation.  High  quality  photo¬ 
graphs  and  acetate  peels  are  used  to  record  the  fabric 
at  successively  higher  loads  or  strains.  For  photography, 
specimens  are  illuminated  in  white  light,  and  in  ultra¬ 
violet  light  after  treatment  with  fluorescent  dye  pene¬ 
trants.  Transparencies  of  specimens  and  peels  are  used 
as  inputs  for  optical  analysis,  such  as  is  illustrated 
in  Figures  1-5  and  discussed  in  Section  5  of  this  report. 

Effective  analysis  requires  concern  for  registration, 
image  quality ,  and  scale  factors.  Adequate  registration 
and  image  quality  are  necessary  to  achieve  consistent, 
comparable,  and  sufficiently  informative  results.  The 
scales  at  which  rock  deformation  data  are  recorded  depend 
on  both  the  size  features  being  studied  and  the  dynamic 
range  of  the  optical  analysis  system. 

Without  strong  comparability  between  sets  of  related 
inputs,  the  analysis  of  fabrics  of  a  deformation  series 
by  optical  diffraction  becomes  qualitative,  and  supporting 
techniques  such  as  transform  mapping  and  analytical 
techniques  such  as  holographic  subtraction  become  ineffec¬ 
tive  . 


In  addition  to  photographs  of  rocks  undergoing  defor¬ 
mation  and  peels  taken  therefrom  we  have  also  been  investi¬ 
gating  the  use  of  thin  sections  of  experimentally  and 
naturally  deformed  rocks. 

Our  rock  deformation  experiments  have  been  limited 
to  uniaxial  deformation  of  cylinders  and  cantilever  and 
third-part  loading  of  thin  rock  slices  cemented  to  10-1/8 
X  2  X  1/4"  aluminum  beams.  During  the  past  six  months 
we  have  worked  with  rock  slices.  During  deformation  we 
nave  photographed  specimens  to  record  changes  in  the  two- 
dimensional  fabric  of  the  rock.  Among  the  changes  we 
seek  to  map  are  microfracture  growth,  variation  in  patterns 
of  microfractures,  changes  in  grain  shape  and/or  orientation, 
development  of  twinning,  changes  in  reflectance,  and  so 
forth. 


The  source  of  samples  so  far  for  our  deformation 
experiments  is  the  U.  S.  Bureau  of  Mines  "ARPA  suite". 
These  ^e  out  from  one  foot  cubes  of  St.  Cloud  Gray 
Granodiorite,  Westerly  Granite,  Barre  Granodiorite , 
Dresser  basalt,  Sioux  Qujurtzite,  Berea  Sandstone, 
Tennessee  marble  and  Salem  Limestone.  This  report 
presents  results  with  the  St.  Cloud  Gray  Granodiorite 
(Charcoal  granite)  and  Barre  Granite.  Samples  taken 
from  these  cubes  are  all  oriented. 
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IgESrtanOeehnical  D,.v»i 
Spatial  Filten'nrf 

almcBt  on  a^’^r^with^oM^difectlLfl^flUe®- ”°'' 

in  the  X-Y-0  gate  which  also  Plates  and  mounted 

plate  holder/?epo«.iti«nJ  ®  holographic 

been  ordered  which  will  allow^df^  ®^'^^P'"ent  has 

high  resolution  glass  nlaiic  “Afreet  exposure  of  Kodak 
^is  will  save  much  tim-*  cind  '^obv^  ^®f®®^hlad  camera, 
final  resolution  of  the''fil?^r=^K  increase  the 

of  photographic  s?ep??  because  of  a  reduction 

and  fned'^d‘oi.“i“nd“iJr"  catalogued 

conjunction  with  previouslv 

curves.  ^  ®^^  prepared  transform  scaling 

Mapping  Trans forme 

of  transforms  were^refi^ed  producing  maps 

more  rapidly.  ^rilt^April  an  produLd 

dual  trace  strip  chart  record»ar-  '^®®  P^®®®^^  ^or  a 

due  immediately.  Aeguistion  which  is 

laaor  power  output  as  a 

termsf"wrhlve^consJiScted  absolute 

sensing  head.  This  meter  has  laser  power 

readings  down  to  0.01  mw  BecLcf  reproducibl( 

of  most  transforms  faU^beSw  ?Mc  ®  portions 

arranged  for  modification  ofTho^i  power  level,  we  have 
can  be  obtained  in  three  ranae«i  ®°  readings 

0.001  mw  and  0.001  -  o  OOQi  mw  ^  ~  0.01  ms,  0.01  - 

Parts  necessary  for  this  midTf,'  i®  ®  selector  switch. 

and  the  meter  will  be  available recently  arrivec 
shortly.  ®  available  for  testing  and  calibration 

Optical  Processing  of  Thin  SecM’onc 

sourcranrtari“rmicroslope'’optics\'"®''^”'' 

in  order  to  devise  a  system^for^^h  ^  ®  conducted 

analysis  of  thin  section^  IZh  diffraction 

capable  of  processing  photoaranhi ^  system  would  also  be 

ditioual  investment  ='<3- 


These  experiments  have  led  to  the  conclusion  that 
an  auxiliary  focusable  and  removable  lens  between  the 
microscope  ocular  and  objective  would  allow  convenient 
viewing  of  the  diffraction  pattern  with  a  wide  range  of 
objectives.  This  lens  would  allow  a  quick  change  from 
^if^J^sction  pattern  to  reconstructed  input  simply  by 
removing  it.  A  petrographic  microscope  with  a  focusable 
Bertrand  lens  should  work.  The  ability  to  view  a  recon¬ 
structed  input  is  just  a  short  step  from  spatial  filter¬ 
ing. 


A  Zeiss  Universal  microscope  has  been  used  to 
obse^e  diffraction  patterns  generated  by  thin  sections 
and  inputs  have  been  recorded  on  photographic  film.  The 
microscope  has  been  modified  by  the  addition  of  a  pinhole 
and  interference  filter  in  the  light  path  to  obtain  a 
point  source  of  light  of  partial  coherence.  Patterns  ob¬ 
served  to  date  have  been  consistent  with  respect  to  both 
directional  Md  frequency  parameters.  Theoretical  con¬ 
siderations  indicate  that  this  method  will  work  on  most 
thin  sections  of  good  quality?  in  the  worst  cases  the  trans¬ 
form  will  be  somewhat  smeared  amd  in  such  cases  photographs 
of  the  thin  sections  can  be  used  instead  as  inputs. 

Equipment  needed  to  photograph  diffraction  patterns 
and  inputs  for  detailed  analysis  has  been  made  available 
by  a  manufacturer  on  an  approval  basis  and  this  work  will 
be  undertaUcen  immediately. 

Holographic  oubtractions 

A  schematic  diagram  of  our  arrangement  of  optical 
ccxnponents  for  the  production  of  image  plane  holograms 
is  shown  in  Figure  6.  With  the  addition  of  a  lens,  a 
stop  and  a  camera  back  the  image  hologram  Ccm  be  used  as 
a  filter  and  a  difference  image  recorded  (Figure  7)  . 

Figure  8  shows  the  actual  optical  setup  used.  Both  input 
and  holographic  plate  are  mounted  in  adjustable  gates; 
the  latter  holder  is  shown  in  Figure  9.  The  mirrors 
and  beam  splitters  are  mounted  in  adjustable  holders  on 
movable  rack  and  pinion  slides  (Figure  10) . 

In  order  to  minimize  shrinkage  problems  the  emulsions 
on  the  plates  are  destressed  before  exposure.  This  is 
done  by  placing  the  platas  in  a  high  humidity  atmosphere 
(but  not  high  enough  for  water  to  condense  on  the  plates) 
overnight.  The  plate  holder  is  positioned  so  that  the 
plane  of  the  holographic  plate  is  perpendicular  to  the 
bisector  of  the  angle  between  the  signal  and  reference 
beams.  After  exposure  the  plate  is  soaked  in  a  hardening 
bath  prior  to  development  in  order  to  minimize  degradation 
of  the  emulsion  surface.  After  development  and  fixing  the 


plate  is  dried  in  a  series  of  alcohol  baths  for  quick 
uniform  drying,  thus  avoiding  a  migrating  drying  bound- 
dary  and  restressing.  The  alcohol  baths  also  he?o  return 
the  emulsion  to  its  original  dimensions  (Pennington  & 
Harper,  1970). 

The  developed  plate  must  be  precisely  repositioned. 
This  can  be  done  by  observing  the  fringes  with  a  micro¬ 
scope  (Bromley,  et.al.,  1971).  After  repositioning  the 
filter  (hologram) ,  the  final  lens  is  placed  behind  the 
filter  such  that  the  difference  image  is  of  an  appropri¬ 
ate  scale  and,  more  importantly,  such  that  all  desired 
information  is  passed  by  the  lens  and  not  lost  due  to  the 
finite  lens  aperture's  intercepting  the  diverging  beams. 
The  stop  is  then  placed  in  the  focal  platne  of  the  lens 
in  order  to  eliminate  the  undiffracted  portion  of  the 
reference  beam. 

We  have  produced  high  quality  image  holograms  of 
complex  inputs  and  have  achieved  a  d^igree  of  subtraction. 
Both  phase  and  amplitude  holograms  have  been  used.  The 
former  are  produced  by  bleaching  the  developed  plate 
prior  to  drying  in  the  alcohol  baths.  Our  sole  remain¬ 
ing  major  problem  in  holographic  subtraction  is  lack  of 
adequate  isolation  from  sources  cf  vibration. 

Reference  Transforms 


Approximately  250  reference  inputs  have  been  pre¬ 
pared  from  Harper  (1950),  Jung  (1969),  Ramsey  (1967), 

J.  Rosenfeld  (1970),  Sander  (1970),  and  Whitten  (1766). 

A  low  exposure  and  a  high  exposure  transform  have  been 
prepared  for  each  input,  giving  a  total  of  approximately 
500  reference  transforms.  These  series  can  now  be  used 
references  to  which  inputs  amd  transforms  obtained  in 
our  research  can  be  compared. 

Slide  Comparator 

A  slide  comparator  has  been  designed  (Figure  11) 
and  necessary  components  have  been  ordered  and  most  have 
been  received.  The  comparator  will  allow  us  to  deter¬ 
mine  objectively  and  quickly  gross  differences  in 
similar  transforms  and,  in  some  cases,  to  make  quick  com¬ 
parisons  of  similar  inputs.  The  comparator  will  effect 
savings  in  optical  bench  time  and  will  permit  more  efficient 
profiling  of  transforms. 


study  of  Closed  Curves  (Contours) 


A  paper  on  the  optical  diffraction  analysis  of 
closed  curves  (contours)  has  been  completed  and  accepted 
for  publication  by  Geoforum,  Necessary  minor  revisions 
and  additions  have  been  completed  and  the  abstract  and 
figure  captions  have  been  tramslated  into  French,  anc"' 
German,  Publication  is  expected  in  November, 

Preparation  and  Deformation  of  Rock  Slices 

An  analysis  of  the  effects  of  the  thickness  of 
rock  slices  on  Ccinti lever  and  third-part  loading 
experiments  has  shown  that  tolerances  permitting  more 
rapid  production  of  slices  are  acceptable.  Also, 
experimental  and  analytical  studies  of  the  generation 
of  strain  data  in  beam  deformation  studies  are  aimed 
in  part  at  reliably  reducing  the  amount  of  strain  gage 
data  required. 

In  cantilever  experiments,  strain  gages  on  rock 
slices  have  been  relocated  fron^  a  position  that  gives 
approximately  the  minimum  tensional  strain  to  a 
position  giving  approximately  the  mean  tensional 
strain.  The  former  arrangement  was  used  for  Barre 
Grani’-e  slices;  the  latter  was  initiated  with  experi¬ 
ments  on  St.  Cloud  Gray  Granodiorite  (Charcoal  granite). 
Changing  to  the  latter  arrangement  does  not  diminish  the 
continuous  area  of  the  slice  available  for  fabric  analysi 

Photographic  Procedures 

To  insure  consistency  of  results  in  visible  light 
photography,  illumination  from  each  floodlight  is 
monitored  by  a  light  meter  to  insure  balanced  illumi¬ 
nation  in  each  exposure  and  consistency  from  each  ex¬ 
posure  to  the  next.  Reflected  light  is  measured  from 
an  18%  gray  reflecting  card  on  top  of  the  specimen  for 
each  series  of  experiments;  comparable  values  are 
sought  for  successive  tests.  Prior  to  each  test  series, 
^  exposure  is  made  of  a  graduated  gray  scale  placed 
in  the  position  of  the  specimen;  this  provides  a  means 
for  comparing  the  input  transparencies  from  different 
experiments.  Great  care  is  taken  in  dark  room  processing 
to  insure  unifonnity  of  results.  A  3  x  3  cm  square  is 
inked  on  all  slices  for  photographic  registration  and 
to  simplify  position  control  of  the  input  on  the  optical 
bench. 

Photographic  recording  of  specimens  treated  with 
fluorescent  dye  penetrants  has  been  enhanced  consider¬ 
ably  through  the  use  of  a  special  emulsifier  and  yellow 
filter. 


Technical  Problems  Encoun».^T-ci>q 


from  ^"P“‘  t^nsparencie, 

processed  Photographicall? 

were  not  in  fact  suff conditions. 
Slight  variations  from  one  purposes, 

registration,  contra^ 

difference  in  spatial  fr<>rrnA  introduced  enough 

other  spatial  freguencv  'Voscure  the 

measures  described  in^ectio^  seeking.  The 

have  successfully  countered  Procedures, 

early  difficultv  in  these^roblems .  Similarly,- 

fluoLscenrSye^pene?rairi2?K^^K  the 

the  steps  desLibed  in  the^wt  Da^rof^f? 

section.  t  pert  of  the  aforementioned 

pressing  into*fer?ice‘^for'"prepIratioJ  forward  to 

has  undergone  three  some  specimens 

an  extreMl?  sloS  L,d 

the  work  has  been  completed 'and^th.'^e”^®!' 
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tigating  two  commericallv  avai  IkKi  inves- 

the  system  from  Isolating 

move  of  our  laboratory  to  a*^room'^in'K*^^“  contemplated 
our  operation  will  a!Lst  cerSTn^^ 

semlannual"*and’annual*reports'^h*'^  year's 

quately  mitigated.  Ports  have  been  solved  or  ade- 


5*  Experimental  Results  to  Date 


^  summarizes  the  number  of  deformation  tests 
(left  side)  ^d  the  number  of  inputs  and  outputs  processed 
optically  (right  side).  The  numbers  on  the  right  side  are 
larger  than  those  on  the  left  because  each  test  involves 
the  preparation  of  a  series  of  photographs  or  peels,  each 
to  a  data  point  on  the  loading  curve. 

The  results  shovm  in  Figures  1-5  are  representative 
of  some  of  those  obtained  during  the  first  half  of  the 
second  year  of  this  project. 

Specimen  strains  represented  in  the  loaded  specimens 
shovn  in  the  five  figures  are,  respectively,  0.14%.  0.47%, 
0.14%  (min.),  0.28%  (min.),  and  0.47%.  In  Figure  3,  the 
darJeer  background  in  c)  as  compared  to  a)  is  characteristic 
only  of  the  prints  used  in  this  report,  and  not  of  the  input 
transparency  used  to  generate  the  transfonr;. 

The  slices  shown  in  these  figures  were  loaded  to  higher 
levels  than  those  depicted  from  eguivalent  experiments  in 
last  February's  annual  report.  The  results  described  in 
the  figure  captions  are  consistent  with  the  apparent  trends 
described  in  the  annual  report,  (p.  19)  for  slice  (cantilever), 
cylinder,  and  prism  experiments.  The  results  in  Figure  5 
suggest  that  the  fluorescent  dye  penetrant  method  might  be 
more  sensitive  to  detecting  fracture  widening  than  are  the 
methods  using  white  light  and  acetate  peels. 

The  acetate  peel  method  continues  to  yield  very  use¬ 
ful  results  in  a  variety  of  experimental  set-ups.  Not 
only  is  their  detail  well  defined,  but  they  also  provide 
for  the  easy  variation  of  input  scale;  it  is  a  simple  matter 
to  prepare  input  transparencies  over  a  wide  range  of  scales 
from  a  single  peel  that  records  permanently  the  fabric  of 
a  specimen  for  a  particular  data  point  on  a  loading  curve. 

Let  us  consider  here  the  results  of  detailed  compari¬ 
sons  of  inputs  and  transforms  from  the  following  experi¬ 
ments  on  Barre  Granite  using  acetate  p'^.’els?: 

a)  Cantilever,  weight  loaded,  tension,  duplicate 
tests  on  slices  from  each  of  three  mutually  per¬ 
pendicular  directions.  (C008-A-2T,  C009-A-2T, 
C017-A-1T,  C018-A-1T,  C026-A-3T,  C027-A-3T;  Figure 
4  IS  cased  on  two  inputs  and  their  transforms  from 
C008-A-2T) . 

bj  Cantilever,  weight  loaded,  compression,  single 
tests  on  slices  from  each  of  three  mutually  p  jr- 
pendicular  directions  (C010-A-2C,  C019-A-1C. 

C028-V3C). 
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c)  Third  part  load,  conq;>ression,  triplicate  tests 
on  slices  from  three  mutually  perpendicular 
directions.  (P001-A-2C,  P002-A-2C,  P003-A-2C, 
POIO-A-IC,  POll-A-lC,  P012-A-1C,  P013-A-2C, 

P013-A-3C,  P014-A-3C,  P015-A-3C;  Figure  3  is 
based  on  two  inputs  and  their  transforms  from 
POll-A-lC) 

The  input  tr^msparencies  are  1/10  the  size  of 
the  corresponding  specimens.  Prints  of  four 
inputs  emd  their  tremsforms  were  selected  from 
the  approximately  eight  data  points  availed>le 
from  each  experiment.  The  four  data  points  for 
each  test  were  generally  obtained  at  conp2u:able 
loads.  The  same  mutually  perpendicular  orientations 
of  slices,  corresponding  to  three  faces  of  the 
source  cube  of  rock,  have  been  used  in  all  of 
these  experiments. 

The  following  conclusions  have  been  drawn  from 
these  examinations: 

1)  Replicated  experiments  yield  very  sim-lar 
results.  In  the  two  exceptional  cases 
(C009-A-2T  and  P015-A-3C) ,  slightly  oblique 
fractures  appearing  in  the  no-load  input 
became  accentuated  with  loading  yielding 
high-load  patterns  similar  to  the  no-load 
patterns  and  different  from  their  corre¬ 
sponding  replicates.  The  transforms,  of 
course,  show  the  spatial  frequency  counter 
parts  of  these  relationships,  and  more. 

2)  In  each  of  the  three  classes  of  experiments 
(a),  (b) ,  (c) ,  above,  sliceiL'  of  the  same 
orientation  (suffix  numeral  1,  preceding 

T  or  C)  yield  patterns  different  from  those 
of  the  other  two  orientations  (suffix  numerals 
2  and  3).  Patterns  from  one  of  those  orien¬ 
tations  (suffix  numeral  3)  appear  in  some 
series  to  be  intermediate  between  the  other 
two  (suffix  numerals  2  and  1)  but  to  resemble 
the  former  quite  closely.  It  is  perhaps 
significant  that  the  orientation  designated 
by  the  suffix  numeral  1  is  parallel  to  the 
rift  of  the  Barre  Granite. 

3)  Within  each  class  of  experiments,  the  results 
accord  with  i^at  one  would  expect  in  tension 
and  cyjmpression  experiments.  That  is,  fractures 
develop  perpendicular  to  the  axis  of  tension 
and  diagonal  fractures  (and  others)  develop 

in  compression. 


compression  series,  b)  c) , 

«  “f®  ""“‘“lly  consistent,  more- 

2  end  if  orientations  (suffix  numerals 

nu^Ieral  1“'*  ®°  *'’® 

ln,d],:„*'!'®’'?  “PP®"  ‘>®  increases  with 

In  bf  ®"'*  high  spatial  frequencies, 

e  ,1'  there  appear  to  be  increases  with 
loading  in  TOdium  and  high  spatial  freqllen- 

with’loi3i-i’-  appear  to  be  increases 

cies-  i^^hl  if  °f  spatial  frequen- 

transforms,  diagonal  concen- 

excen^fn^n^"  the  low  frequency  range 
Sh«rr<-h2cf  (suffix  numeral  3) 

rangl  frequency 

6)  On  an  of  the  results  described  above,  the 
inputs  and  their  transforms  give  mutuallv 


t-hi  experiments  conducted  so  far  with 
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Implications  for  Furth^tr  Resear rh 


The  technical  results  achieved  so  far  indicate  that 

research  will  follow  original  plaSs. 
mLion  to  conTOntrate  on  recording  more  defor- 

Sxii?  will  include  use  of  results  from  uni- 

^®fo”"ation  of  right-circular  cylinders  and 

iS“ui“ifJ^r''  •=“  continuing  the  current 


we  will  begin  to  obtain  data  on 
will\e  of  triiixially  deformed  specimens.  This 

«ial  cylindrical  specimens  to  specified 

cut  ain««  ^  lo&ds  and  photographing  medial  sections 

for  !“!**  specimen  will  have  to  sacrificed 

foll«Sg'’JS?oI«!:^'  photographs  will  be  made 


to  the  Shortly  s^e  pilot  experiments  leading 

liawl  capability  of  generating  transforms  in  reflected 
iil^detellJIi?^  demonstrated  that  slight  changes  in  fabric 

techniques,  we  will  investigate 

^“ii^eicivItSSs"  —  monitoring  of  rocK  fabrics  in 


Special  Conroents 


Related  research  projects  in  which  we  are  involved 
are  providing  materials  emd  /cnowhow  of  benefit  to  the 
TOnduct  of  this  project,  and  vice  versa.  Those  projects 
include  a  study  of  the  effects  of  rock  alteration, 
joint  fillings,  and  fracture  geometry  on  mechanical  be¬ 
havior  ol:  rocks,  especially  from  block-caving  operations. 
We  are  also  measuring  triaxial-acoustic  properties  of 
rocks  from  block-caving  areas.  Fabric  analysis  is  an 
important  aspect  of  these  studies.  We  are  also  studying 
the  transforms  of  separated  particles  of  different  shapes 
and  sizes  to  detennine  empirically  the  effects  of  dif¬ 
ferent  configurations,  shapes,  spacings,  and  sample  size. 

Concluding  Remarks 

The  basic  research  design  appears  to  be  sound.  The 
results  achieved  so  far  have  beoi quite  encouraging.  The 
technical  skill  of  the  projects*  personnel  and  the  major 
Items  of  equipment  on  hand,  on  order,  or  otherwise  avail¬ 
able  for  use  are  appropriate  for  the  needs  of  this  study. 

Results  obtained  so  far,  particularly  during  the 
past  six  months,  hold  much  promise  for  the  project's 
fulfilling  all  of  its  major  objectives,  as  originally 
planned,  by  January  1974. 


APPEND?CX  A 


Figures  Accompanying  Text 
(Figures  1-11) 


Fig.1  a)Slicf  of  Charcoal  granit# (St .Cloud  Gray  Granodiorite),no  load,l))Tran*i- 
form  generated  from  a);  no  preferred  orientation  ie  apparent,  e)  Same  slice  as 
in  a), under  third-part  load  (axis  of  ocNBpression :top-bottoBi  of  photograph), 
d)Transfonn  generated  from  e); shows  two  weak  diagonal  low-frequency  concentrat¬ 
ions  and  slightly  higher  concentrations  of  high  frequencies  than  in  b). 

Scales:  a)  and  o)-  Magnification  2,SX 

b)  and  d)-  Radial  distance  of  1C  mm  corresponds  to  1  lijie/4,76Hm 
in  a)  and  c) 


Reproduced  from 
best  available  copy. 


Figo2  a)  Slice  of  Charcoal  granite (St. 
fora  generated  from  a)j  no  preforrad  o 
in  a)  under  cantilever  load(a:de  oi'  te 
toward  bottom),  d)  TranafonE  genc'^atec 
ing  tp  development  of  horisontal  f.rml 
than  in  b). 

Scales:  a)  and  c) 

b)  and  d)  ICir':  d' 


orlte),no  iof^d,b)Trans~ 
rent,  c)  Sa>  e  slice  as 
of  photo,?'  -  aph ;  load 
d  vert i  'U-lj,  correspond- 
’*  .  i«ncy  content 


Reproduced  Irottt 
best  available  La 


ig,3  a)  Acetate  peel  of  Barre  Granlt 

onjt  *  e  }  pe  rl  of  ^  ^  "  ce  =i 

)Tranafora  of  di-anxfCLt.i 

a\  nivl  ol-Hair'  "tcilllSD  3 
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Fif  .4  a)  Acetate  peel  of  Barre  Granite, no  load,  b)  Tranafom  of  a);  no  preferred  orier"  it ‘or, 
c)Acetate  peel  of  same  slice  as  in  a)  under  cantilever  load  (tension:  left -right ;  lor-,:  t.v. 
right),  d)  Transform  of  c);elongated  horizontally, especially  in  lov-frequency  ri^e. 

Scales:  a)  and  c) -Magnification  3.75X  ;  b)  and  d)  10  mm  corresponds  to  1  line/6.75  rm  in  a) 
and  c). 


,5  Charcoal  granite  treated  with  fluorescent  dye  penetrant, u.v,  illmiiiation,no  load.h'^Trane- 
n  of  a); slight  left-right  elongation,  c)  Same  as  a)  under  cantilever  load(tenoion:left~rightr 
d  toward  right),  d)Tran$fom  of  c);eore  low  and  high  frequency  content  thur  in  b) ; left-right 
ngation  more  prominent  in  the  low  frequenciet.  Scales:  a)  and  c)-Magnlfi cation  2,81;  b)  and 
Radial  distance  of  lOtnt  corresoonds  to  1  line/4,76  tsn  in  a)  and  e). 


.5  Charcoal  granite  treated  with  flxio  scent  dye  pcnetrant,u,v,  illmiiiation,no  load, Horans- 
m  of  a);slight  left-right  elongation,  c)  Same  as  a)  under  cantilever  load (tension :left.-ri^ht“ 
c  ef  low  awl  ^reqrreney  wjnterTt  ttrtm  in  X, 

ngation  more  prominent  in  the  low  frequencies.  Seales;  a)  and  c)-^l£gnifi cation  2,eX;  b)  and 
Badial  distance  of  lOnm  corresnonds  to  1  llno/4.76  am  in  a)  and  c). 
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